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LOW-SPEED STABILITY AND DAMPING-IN-ROLL CEARACTERISTICS
OF SOME EIGELY SWEPT WINGS

By Bernerd Maggin and Charles V. Benneti
SUMMARY

Tests have been conducted to determine the low-speed stability,
damping-in-roll ; and stall characteristics of five wings, three
wings with 42°© sweepback and having aspect ratios of 5.9, 3, and
2, and two wings with 33 sweepforward and having aspect ratios
of 5.9 and 3. The results showed that the wings of aspect ratio
5.9 were longitudinally unsteble at the stell but that reducing
the aspect ratio tended to sliminate the instability. Swoepforward
produced & maximm value of negative effective dihedral approxi-
mately one-half of the positive velue produced by sweepback. Over
the linear renge of the 1lift curve the swept-forward wings had zero
directlonal stebllity, whereas the swept-back wings had a marked
increase in directiocnal stgbllity with 1ift coefficlent. The
damping in roll was reduced with reduction in aspect ratio over
the linear renge of the 1ift curve. Above the linear renge of the
1ift curve the demping in roll decreased with Increasing 1lift
coefficlent for the swepi-back wings and increased with increasing
1ift coefficient for the swept-forward wings. Autorotation at the
stall was obtalned only with the swept-back wing having an aspect
ratio of 2.

THTRODUCTION

An investigation to determine the low-speed stabillty and
control cheracteristics of highly swept wing plan forms is being
conducted in the Lengley free-flight tumnel and in the Langley
15-foot free-spinning tummel. Some results of damping-in-roll
tests, force tests, free~flight teste, and tuft tests of these
wings are presented in references 1 and 2. In the present paper,
results are glven of experimental Investigations conducted to
determine the low-speed stebllity, damping-in-roll, and stall
characteristics of Ffive wings, three wings with L42° sweep‘back and
having aspect ratios of 5.9, 3, and 2, and two wings with 38° sweep-
forward and having aspect ratlos of 5.9 and 3.



3

e

H ow < ™

=

P
-pltching-moment coefflcient (

NACA TH lo, 1286

SYMBOLS

agpect ratio

wing area, square fest

dynamic pressure, pounds per square £oot
alrspeed, feet per second

wlng span, feet

mean aeorodynamic chord measured in plene parallel. to plane
of symmetry, feet

taper ratio, tip chord divided by root chord

angle of sweep of the guarier-chord line of ‘the wing, degrees
(positive, sweepback; negative, sweepforward)

angles of attack, degrees

angle of sideslip, degrees

angle of yew, degrees; for force tests, y = -B
angle of roll, degreces

rolling moment, foot-pounds

pitching moment, foot~pounds

yawing moment, foot-pounds

Tift
1ift coefficient —:lg-

Drag
drag coefficlent —‘;S_-)

itching mcmen‘b)
ST

olling mcment)

R
rolling-moment coefficient (
gSb




NACA TN No. 1286 3

Yewing momsnt
C, yewing-moment cosfficient (a‘ iSb )

Lateral force
CY lateral~force cosfficient S

730\
Cip effective-dihedral parsmeter 8-3—71) ; rate of change of

rolling-moment coefficient with angle of sideslip, per degree

. - . 3Cn
ng_ﬁ directional—stabllity parameter (‘é‘é" ; rate of change of
yewing-mament ccefficlent with angle of sideslip, per degree

. {0
cYB lateral-force parsmeter SEOX) ; rate of change of lateral-

Tforce coefficlent with angle of sideslip, per degree

gg- hellx angle genersted by wing tip 'in roll, radians

oC
C;. demping-in-roll parameter (SE‘Z’-), rate of change of rolling-
2v,

0

moment cecefficisnt with helix angle generated by wing tip

The geametric characteristics of the five models used in the
present tests are glven in figure 1. "Thyree of the wings had 420
sweepback and aspect ratlos of 5.9, 3, and 2, and two of the wings
had 38° sweepforward and aspect ratios of 5.9 and 3. These plan
forms were obtained by rotating the basic wing of reference 1
(A =10,A =29 A =0.5) about the 0.50-root~chord point to the
desired sweep angle of the quarter-chord line. For the wings of
aspect ratio 5.9 the wing tips were modified so that they remained
parallel to the root chord end so that the taper ratlo of the
besic wing was rvetalned. The wings of lower aspect rabio (3 and 2)
were obtained by cutting off the wing in the plane parallel to the
root chord at the required span. Thils decrease in aspect ratio
resulted in an increase in taper ratlio for the wings of aspect ratio
2 and 3. (See fig. 1.) The alrfoil section used was & Rhode St.
Genese 33 section perpendicular to the 0.50-chord line. This section
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was used in accordance wilth free-flight~tunnel practice of using
airfoll sections that obtaln meximum 1ift coefficients in the
low-scale tests approximately equal to the maximm lift coefficient
of a full-scale wing having & conventional sirfoll section.

The damping-in-roll and tuft tests were made in the Langley
15-foot free~spinning tunnel (reference 3) on a special stand which
could be free in roll about the wind axis for damping tests or
could be locked in roll for tuft tests. Figure 2 is a photograph
of the stand as set up for rotation tests and figure 3 is a detalled
sketch of  the stand setup. The damping-in-roll and tuft tests
were made at & dynamic pressure of 2.8 pounds per square foot, which
corresponded to test Reynolds numbers of 209,000 and 243,000 based
on meen serodynamic chords of 0.68 feet and 0.79 feet for the wings
of aspect retios 5.9 and 2, respectively.

Force tests to determine the static asrodynamic characteristics
of the wings were made on the Lengley free-flight-twnnel six-
component balance (reference Ut), which rotates in yew with the
model so that all forces and moments are measurcd with respect to
the stability axes. (See fig. 4.) These tests were made over the
Lift-coefficient renge for angles of yaw of 0° and 50 at a dynamic
pressure of 3.0 pounds per square foot, which corresponds to test
Reynolds numbers of 219,000 and 253,000 for the wings heving aspect
ratlos of 5.9 and 2, respectively. The lateral etability charace-
toriatics were obtained from the runs at angles of yaw of 150,

Values of the damping-in-roll paremster CZP end tuft-test

studies were obtailned for each wing through an angle~of-attack range
which covered a lift-coefficient range from small positive L1ft
coefficients through maximum 1ift coefficiont.

The mothod of referonce 1 was used to detormine the demping
in roll of the wings. This method consisted of steady-rotatiom
tosts on the roll stend (see figs. 2 and 3) and statlic rolling-
mement teste. The stend and wing rotation was cbtained by deflocting
the vane ( @ chown in fig. 3). In steady rotation, tho forelng
moment was assumed to be equal to the damping moment and of opposite
slgn. The damping in roll of the stand and wing ccwbinatlon and
of the stand alone were determined by recording tho rate of rotation
for several vano settings, both positive and neogative. In order to
dotermine the demping of the wing alone, the damping of the stand
wag subtracted from the damping of the stand and wing carbination
for any givon rate of rotation.
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RESULTS AND DISCUSSION

Force Tests

Figures 5 and 6 present the results of the force tests made
to determine the 1ift, drag, and pltching-moment characteristics
of the wings. The data of figure 5 indicate that reducing the aspect
ratio of the swept~forward or swept-back wings resulted in'a
reduction in 1lift-curve slope in the range from low 1ift coefficients
to moderate 1ift coeffliclents as is the case for unswept wings.
These date also indicate that the swept-back wings reached greater
maxdmum 13ifts than the swept-forwerd wings.

The pitching-moment.dsta of figure 5 indicate ‘that the swept-
back and swept-forward wings having an aspect ratio of 5.9 ars
unstable at the stall. The large unsitdble pltching moments of
these wings are caused by the loss in 1ift at the wing tips and
roct sections of the swept-back and swept-forward wings, respectively.
These date also indlcate that reducing the aspect ratio of either
the swept~forward or swepbt-back wings tends teward stabllity at the
stall. This trend is in agroement with the results presonted in
reference 5.

The lateral stebllity characteristics are presented in Pigure 6
in the form of plots of the lateral-force parameter CYB s the effec~

tive-dihedral paremeter Czﬁ, and the dlrectlonal-stabllity
paremetor an against angle of attack and 1ift coefflcient. Th_e

following discussion of these dete 1s concerned with the linear part
of the 1ift curves unless otherwise noted. The date of Tigure 6
indicate that the transition frem 42° sweepback to 38° sweepforward
hed a marked effect on Cig and Cn{3 but 1little effect o CYB

Over the linecar range of the 1ift curve the swept-forward wings had
zoro directionel stebility (Cnﬂ = 0), whoreas the swopt-‘back wings

had a definite increase in directional stability with 14ft coefficient
above a 1ift coefflcient of 0.3.

The data of Pigure 6 show that the swept-forward wings havo
negative effective dihedral (positive Cig), which beccmos slightly

more negative with increasing 1ift coefficlont, and the swept-back
wings have positive effective dihodral (negativo CZB) » which

incroases with 1ift coefficient. These data also indicate that sweop-
forward gives smaller negative values of offective dihedrel &t any
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11ft coefflcient end smaller negative peak values than the
positive values of effectlive dihedral obtained with sweepback. The
maximm valus of CZB for the swept-forward wings is approximately

one-half of the msximum value of CZB for the swept-back wings.

Over the greater part of the 1ift curve reducing the aspect ratio
vesults in a more negative value of -Czﬁ for the swept-back wingse

and a smaller velue of CZB for the swept-forwerd wings at any

1ift coefficient. The difference in the magnitude of the effective
dihedral with sweepback and sweepforward and the effects of aspect
ratic on the magnitude of the effective dlhedrel are explained In
part in reference 6. Data from veforence 6 show that reducing the
aspect ratio of an unswept wing having an aspect ratio of 6 increases
the effective dihedral in a positive direction. When the data of
reference 6 are used with the date for swept wings to obtain
incremental values of CZg: the change in CZB per degree of

sweep appears to be approximately the same foi swoepback and sweep-
Torward . -

Damping~in-Roll Tesis

The resulis of the demping-in-~-roll tests are presented 1n
figure 7. These data show that the damping-in-roll paremeter CZP

decreases at an increasing rate with 1ift coeffilcient for the swept-
back wings and increases at an increasing rate with 1ift coefficient
for the swept-forward wings up to a 1ift coefflcient of 0.9. Theseo
date also.show that up to a 1ift coefficlent of 0.9, a reduction in
agpect ratio results in a reduction in €y . Over the linear renge

of each lift curve the magnitude of the change In CZP is approxi=-

mately proportiomel to the change in lift-curve slope. (Reference 1
shows that CZD is a direct function of lift~curve slope and

spanwlse center of pregsure). The slight variation in CIP over

the linear range of the 1lift curve 1s probably the result of small
spanwise shifts In center of pressure.

Autorotation at the stall was obtained only with the swept-
back wing having an aspect ratio of 2. The trend toward instability
in roll (autorotation) of the swept-back wings with a reduction in
aspect ratlio is attributed to the more abrupt-stall as the aspect
ratio is veduced. (See fig. 5.)
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Because of the higher damping in roll of swept-forward wings,
the present tests indicate that et moderate and high 1lift coefficients
mors effective allerons would be reguired on swept~forward wings
than would be required on swept~back wings to produce a given helix

angle ggu This problem may not be serilous because 1t 1s expected

that the flow changes that make the demping in roll greater will
also increase the aileron effsectiveness.

Tuft Tests

The results of tuft tests on the swept-back wings are presented
in figure 8. These data indlcate that reducing the aspect ratio
of the swept-back wing fram 5.9 te 3 and 2 4id not alter the general
flow pattazrn through the lift range below the stall. The reduction
in aspect ratio resulted, however, in a more abrupt stall and in
flow separation at the leading edge of the outboard region of each
panel at the stall. In gemeval the data of figure 8 show that for
the swept wings at the low 1ift ccefficients (up to a value of G,
of 0.5) the air flow over the upper surface of the wings is in the
direction of tha wind stream as over a conventional stralght wing.
At moderate 1lift coefficilents (0.5 to 0.8) the air flow shows the
tendency to move toward the wing .tips along the tralling edge of
the wing. As the 1lift coefficlent is increased further, this out-
flow bscomes mors pronounced and affects chordwise statlons
progressively farther ashead of the trailing edge. At maximum 1lift
and scmewhat beyond maximum lift, all the flow is outward except at
the root section, and only slight flow separation is indicated along
the wing—-tip leading edge.

The data of figure 9 indicate that for the swept-forward wings
reduction in aepect ratlo has very little effect on the general
flow pattern throughout the 1ift range. At low 1ift coefficients
(up to Cp, = 0.6) the air—flow pattern appears similar to the flcw
pattern over a conventional straight wing except that a slight
tendency to flow in towerd the root section is noted along the
trailing edge. As the 1ift coefficient increases, the inflow along
the trailing edge becomes more pronounced and affects:chordwlise
stations farthsr ahead of the trailing edge of the wing. At the
same time the root section shows signs of meparation of the flow
at the trailing edge, which separation spreads forward and outward
with increasing 1ift coefficient up to the stall.
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CONCLUSIONS

The results of tests conducted in the Langley free-flight
tunnel and Langley 15-foot free—spinning tuunnel to determine
the low-gspeed staebility, damping—in-roll, and stall characteristics
of five highly swept wings can be summarized as follows:

1. The swept wings of relatively high aspect ratio (5.9)
were longitudinally unstable at the stall (nose-up pitching moments).
Reducing ths aspect ratio of the swept-back or swepi~forward wings
tended to ellminate this lnstadbillity.

2. Bweeplforward produced s meximum value of negative effeciive
dihedral approximately one-half of the meximum value of positive
effective dihedral produced by sweepback. Over the linear range
of the lift curve the swepi~forward wings had zero dlrectional
8tability, whereas the swepl~back wings had a marked increass in
directional stability with 1ift coefficlent above a lift coefficient
of 0.3.°

3. The damping in roll was reduced with reduction in aspect
ratlo over tlie linear range of the 1if't curve. Above the linear
renge of the lift curve the damping in roll decreased with increasing
1ift coefficlent for the swept—back wings and increased with increasing
1ift coefflcient for the swept-forward wings. Autorotation at ths
stall was obtained only with the swept-back wing having an aspsct
ratio of 2, :

Langley Memorisl Aeronautical Laboratory
Natlonal Advisory Camittee for Aeronsutics
Langley Field, Va., November 13, 1946,
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Vane (to produce rolling moment) 8 DPointer (to indicate torque-rod de-
Counterweight flection in static tests)

Torque rod (can be mounted in this 7 Roll axis

head to measure rolling moment) 8 WModel support (can be free in roll
Scale (for reading torque-rod de- or restrained by torque rod)
flection in static tests) 9 Mounting head (adjustable to desired
Supporting arm (mounted to tunnel angle of attack) :

wall) 10 Yaw axis

Figure 3.- Roll bracket used to determine damping in roll.
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Frgure$— The stabilify system of axes. Arrows indicate
positive directions of rmromenis and forces. ThHis
system of axes 1s defined as an orthogonal system
having 1% origin at the center of gravity and i
which the Z-axis 1s /n The plane of symmelry ond
perpendrcular fo the relafive wind, 1he X-axis is in
lhe plane of ?/mmefr'y and perpendrcular lo the
Z-oxi5, dnd the Y-axis 15 perpendicular fo the
plone of symmetry.



2
A A A,
mm.\ * rh.uh |O.H.QWM v .,Ww
¥ L% AT
+ O 3
& o —A— 3 3o "y 44 ] %
m,fm W Y 2
g.\ ¢
g8
-. ..nN”
7 .U
6 12 A
5 ; 8 [ ) i Q) N £
fw 4 g ..,. m_# “\m. f - =
.T;\ > 5 el y ;N.v. B ﬁ =+ ...D!.
§7 SRS 3 vl
Y ) S o % i
5386 410 . : ‘ |
373 e 11 m /RN
On - | & 7 N
s 1 . geola)
i . s._.... Ve ww
o EOMATTTEE Ma LcAMTICY
27, o v =2 £ 40
Angle of ohack, o, deg Fctung - rmomert Angle of altock, <, deg Pilchg- rraoment
, Gm 7y

Figure 5- Vorigtion o le hft, d an rching - morkent
g m&@...m&w?&ﬁm with angle of e o S 7esfed.




NACA TN No. 1286 Fig. 6

Fl L R 2
= jx_w 1 =y Xy
e 2 S0 g P 9
. L& - T i e
7Y . uﬂw i |
\

NATIONAL ADVIEORY
COMMITTEE TOR ASRONAUTICS

. A _ N
= - H 7 oV
AN & ¥
g i icamniai.
ot ol
I 3 k| ﬂ 3
Py T % « X
X AN = a3
R - rh nwmm
j <
T o o8
i E
4 ﬁ_.f% m,m
o -
33
Bx
- ™ 3 g
< ﬂwm_ﬁ% .w.w
L]
L. A(J&ﬂ&& MMJ
{ ! —. _ :
bl 43
© 5% 8
: 2
T ¥ FUB
—< R va it SRR
NGy y mvﬁf b A .._Hm 9
N A 3 m m
byt T TR T vt
AN ..r/. o # ,\nlJ.. [1+] .MM
TR SR [
] ]uwv e r..m_ i B P \m,.\ " ,m. W
A " T ok
fﬁu.n /. LI ..m
‘M { JH Bm
h D wT-
AWG —{ o

§ o § §§ § § o

=004
Lz

Uy opsunid Sln Lrapstirband £l Liapsiipdod
BAICY /AT AT S (AL IPINT JOLOBUY O~ AL T



Fig. 7 NACA TN No. 1286

o
\
Q

b.\ -Z li
E N i |
9] ' !
: L%
S -2 ) g - == F—;Y =
N RN D= aen W RA
3 i
N
Q -6

Rt 0 2 4 6 B /0 12

L17t coeffrerent, C;

-4
& !
2 ’

. =
g // % K>
3
S 0 /,‘ 1 r -1 ey
DN = B 1
§ Zz — ;*é/ I/ L4
S T 7¢ ;
& [T 7
] -« Y1/

p T
N AW
Q 2’§/ NATIONAL ADVISORY

—6 COHHITTEE FOR {EMU‘I{T'CS

8 24 32 40 42

O /6
A/?g/e of alfack,e«c, deg

Figure - Variartion of 14 a’am,o/ /g—//?—r'o//
oaranrerer C,, wir? angle of ar ac ard
HFF CoeFricIert for 1he wiigs fesred.



NACA TN No. 1286 Fig. 8a

(d:s) G degx) Cp
0 0.28 20 1.01
4 0.8 2 1.3
8 0.88 24 1.04

12 0.82 26  1.05

16 0.96 28  1.08

18 1.00 0.88

() A=5.9; aA=42° a=o0.5.

Figure 8.~ Tuft Studies of swept-back wings tested,
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a = 40, CI‘ = 0,80 a= 120’ C’L = 0,81

(b) A=3; A =429;

Figure 8.~ Continued.

A = 0.707.
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(c) A=2; A=420 A =0.793.

Figure 8.- Concluded.
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0.31-

0.5

0.75

0.91

0.94

(a) A=5.9; A=-38% A=0.5.

Figure 9,- Tuft studies of swept-forward wings tested.
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a=10% Cp = 0.75

G=m’ CL=0.91

a=6% C=0.60 e =14° ¢ =0.85

a=16’ cL=0091

(b) A=3; A=-38% A=0.707.

Figure 9.- Concluded.



